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Description 

The present invention re.ates to a process and an apparatus for the r"^^?"^^ 
manufacture is controlled by means of a control system. This process makes .t possible to manufacture 
polymeS havfng physical, rheologica. or mechanical properties which are set in advance and which are 

C ^t:i2rX^^^- accordina to US Patent No. 4,469.853, making it possible to 
prepa! I partSi pCoTefins having one or more properties which are kept substantially constant dunng 
fhe^olymeSation, nis or these properties corresponding to values which are set ,n advance^ These 
LlsTflenerally prepared in a reactor by polymerization of the olefins in the presence of hydrogen 
a« the aid c Ta catalyst of the Zieg.er-Natta type in suspension in a liquid hydrocarbon me ^ 
A*>ve the liquid, the polymerization reactor contains a gaseous phase compnsing the olefins to be 
poTmehzed and hydrogen The composition of this gaseous phase is determined by means of a gas phase 
S ZatogrtCa^rls connected directly to a process computer provided with a program d^gned 
contrel the rates of feed of olefins and of hydrogen to the reactor, and the reactor purge rate^ n MM _the 
compos tion of the gaseous phase may be continually close to a composition wh.ch ,s set ,n advance. This 
pZaTSo makes it possible to control the rate of catalyst feed to the reactor and the pressure .n the 
po^zation reactor. However, this process has the disadvantage of controlling a restr icted number o 
omoTrties such as the relative density and/or the flow index of the polyolefin manufactured. It does no 
maket possiole to simultaneously control a large number of physical, rheologica. and/or mechan,ca 
properteswhich would therefore require that these properties be evaluated only 7—'^ 
tests during the quality control of the polyolefin produced. When these conventional tests find the properties 
o be different torn the set values, it would then be necessary to modify the composition of the gaseous 
reaSon Zse Zu a delay which is relatively long. A result of this process is that polymers of 
unsatisfactory duality may be produced in relatively large quantities. 

<^^^ to manufacture po.yolefins having one or more properties which are kept 

substantial constant during their preparation. The polyolefins can be for instance manufactured in a 
reSor colrg Tgaseou! phase consisting of the olefins to be polymerized and optionally an inert gas 
aXhydreUn in that case' the property or properties of the polyolefin 

evaluated during the reaction by means of conventional and specific analyses for each of these Properties 
£ £ vaS Ills measured are introduced manually into a process computer. The «J"P™J££ 
a orooram comprising for each of the various qualities of polyolefins manufactured, relationships between 
mr^rtSTfTe g po.yo.efin and the composition of the gaseous phase in the polymerization reactor^ 
Spending on the measured values, the computer controls the composition of the gaseous ^phase , by means 
of its program, so that these measured values may be as close as possible to the set values. The control of 
°he composition of the gaseous phase is carried out with the aid of the feed rates of the various constituents 
of the X^s Phase in the reactor, and with the aid of the purge rate of this gaseous phase. However this 
J Separate and specific measurement of each of the properties of the polyolefins which .« 
rSsfreS to keep at substantially constant values during the polymerization. In fact, each of these 
orooert es requires the use of a specific apparatus and analytical method. Furthermore, the measurement o 
eLr7mese prepertes requires a relatively long time, and this results in a major delay in the correction of 
m^ clpSition of The gaseous phase in the reactor and of the quality of the polymer manufac ured. 
I?otheTo!sadvantage of mis process appears in the manual entry of the results of measurements into the 
process computer controlling the composition of the gaseous phase. eamnWs , of 

a orocess described in JP-A-6166701A describes control of a polymerization whereby a sample of 
po.ymerTfornS imfa sheet and scanned by an infra red analyser to analyze the composition of the 
POlvrne eg an ethylene propylene copolymer directly from the absorbances at 13.9 x 10"' m fo ethylene 
Sr^d 2 3 x To- m for the propylene units and thereafter to adjust the relative feed rates of ethylene 
and prepySe But such a process's only applicable for one chemical analysis of a polymer with one 
50 absorbance peak unique for each component present. OQrm ;«; n n 
A process for the manufacture of polymers has now been found, comprising a control 
one or more properties of these polymers, which are set in advance, to be controlled, wh,le avoiding the 
disadvantages mentioned earlier. This process permits a rapid determination of one or more properties of 
Z ^Porymere manufactured, with the aid of a single apparatus. This determination can be ^ performed in i an 
55 eSremely short time and periodically throughout the duration of the polymerization reaction. Furthermore 
Te resul of Le determinations can be transmitted instantaneously to a process computer • w^e re'e is 
to control the process parameters such as, the temperature and the pressure of the polymensation, and the 
eed of he various constituents to the polymerization reactor, so that the property or properties of the 
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polymers manufactured may be continually very close to the desired values. 

The subject of the invention is therefore a process for the manufacture of a polymer defined by at least 
one property P equal to a desired value D, the property P characterising the molecular structure of the said 
polymer, or being related to the molecular structure, the process consisting of polymerising one or more 

5 monomers in the presence of a catalyst in a reactor provided with heat transfer means (i.e. heating and/or 
cooling means), with pressure control means, with feed means and optionally with purge means, which 
process is characterized in that the property P of the polymer is determined a number of times during the 
polymerization reaction by the application of a correlation relationship with n results Ri of n absorbance 
measurements performed by means of an infrared spectrophotometer on the polymer at n wavelengths 

w chosen in the near infrared region from 0.8 to 2.6 urn (microns) and in that, depending on the determined 
values and on the desired value D, process parameters such as the polymerisation temperature, the 
polymerisation pressure, the flow rates of the various constituents feeding the reactor and optionally the 
rates of purge of the reactor are controlled by means of a process computer so that the difference between 
each of the determined values and the desired value is smaller than a set value S. 

75 The process of the invention is suitable for the polymerization of one or more olefinic or vinyl 
monomers. Among the olefinic monomers there may be mentioned ethylene or alpha-olefms containing 
from 3 to 10 carbon atoms, such as propylene, 1-butene, 1-pentene, 4 methyl-1-pentene, 1-hexene and 1- 
octene. Among the olefinic monomers there may also be mentioned the monomers corresponding to the 
general formula CH2=CRiR2 in which Ri and R2 are identical or different radicals denoting a hydrogen 

20 atom, an alkyl radical containing from 1 to 8 carbon atoms, or an aryl radical, in particular monomers such 
- as isobutene or styrene. There may also be mentioned conjugated or unconjugated dienes such as 
butadiene, 1 ,4-hexadiene, isoprene, ethylidenenorbornene and dicyclopentadiene. 

Among the vinyl monomers there may be mentioned vinyl chloride, vinyl acetate, vinyl acrylate, methyl 
methacrylate, methyl vinyl ether, ethyl vinyl ether and acrylonitrile. 

25 It should be noted that the catalyst employed to carry out a polymerization of one or more monomers of 
this type is chosen from radical catalysts, cationic catalysts, anionic catalysts or else anionic coordination 
catalysts. 

Although the invention is not limited to a specific type of reaction of radical, cationic or anionic 
polymerization, the description of the process and of the apparatus employed relates particularly to the 

30 polymerization of monomers of olefinic type. 

Thus, for example, the manufacture of a polyolefin may be carried out by a so-called low pressure 
polymerization process, in particular at a pressure ranging from 0.1 to 10 MPa and at a temperature ranging 
from -20* C to + 300*C. The polymerization reaction may, particularly, be carried out in gaseous phase at a 
temperature ranging from -20 to + 115"C and at a pressure ranging from 0.1 to 5 MPa in a reactor with a 

35 fluidized and/or mechanically agitated bed. In a fluid ized bed polymerization process, the particles of 
polymer being formed are kept in the fluidized state by means of a gaseous reaction mixture containing the 
monomer(s) to be polymerized and moving as an upward stream. The polymerization reaction may also be 
carried out in liquid phase at a temperature of between -20 • C and 300 0 C in a reactor maintained at a 
pressure below 10 MPa, it being possible for the liquid phase to have above it a gaseous phase containing 

40 the monomer(s) to be polymerized. In this case, the polyolefin is manufactured in suspension or in solution 
in a liquid medium which may be either an inert hydrocarbon solvent such as isopentane, n-hexane or n- 
heptane, or a monomer in the liquid state, such as propylene, isobutene and butenes. 

Ethylene polymers or copolymers may also be manufactured in a tubular reactor or in an autoclave by 
a so-called high pressure process. In a process of this kind, the polymerization reaction can be carried out 

45 at a pressure ranging from 20 to 300 MPa and at a temperature ranging from 150 to 350 °C, in the 
presence of a radical catalyst or of an anionic coordination catalyst, such as a catalyst of the Ziegler-Natta 
type. 

According to the present invention, at least one property P of the polymer is determined a number of 
times and preferably regularly during a continuous or noncontinuous polymerization. In practice, a deter- 

50 mination of this or these properties can be made for instance at least once approximately every 15 minutes. 
The property or properties of the polymer manufactured or being manufactured can be chosen from 
properties characterising the molecular structure of the polymer, such as the comonomer content, the 
molecular weight, the isotacticity index, the unsaturation content, for example of ethylenic type, and the 
methyl group content. They can also be selected from physical or rheological properties related to the 

55 molecular structure of the polymer, such as the density, the melt index, the degree of crystal linity, the 
viscosity, the melt flow ratio, and, the molecular weight distribution. They may also be chosen from 
mechanical properties, such as rigidity, the yield strength, the stress cracking resistance and the impact 
strength, or from optical properties, such as gloss and transparency. 
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a correlation relationship with the results of ^ absorption measurements are preferably 

aid of a spectrophotometer ^""'iSt medium, such as a liquid mixture Tf«se 
carried out on the polymer fre ^ ' rom '^^Xby reflection when the polymer is in soUdform or 
absorption measurements are earned ~*£TftTSS J powde r or pellets or of an Necbon-moulded 
is easily isolated in this form, for ex amp e in *e fon^o P ssion or else by a co mbma*on of 

plaque They are also advantageously earned out by 'J^Jple in the molten state. It is possible to 
L two when the polymer is in the form of a I quid for ^ Q tne Beer . La mbert law as bemg the 
measure the absorbance A of the polymer. ^ " ^^Vthe radiation emitted by the infrared 
base 10 logarithm of *° 

spectrophotometer and the intensity I of the rao bQth methods . 

method, or by the reflection method, or else by a como n ^ Qf m |nfrared spec . 

According to the invention, n measurements are ^ned ^ ^ ^ ^ ^ 

trophotometer at n different wavelengths chosen , the _near ^ 9 whjch are carried out is generally 

oreferably from 1.1 to 2.5 um (microns). The number r of depend on the property P of the 

a) 1 212 - 1.732 - 2.316 - 2 360 - 2.448 
c) , ,44-1272-1.688 . 2364 . 2.444 

" . — - - - - - - — *■— " *~~ COPO ' ,m ° r ' 

e) 1 .372 - 1 .51 2 - 1 -648 - 2.364 - 2.444 

f) 1.1 12 -1.696 - 2.184 

g) 2.388 - 2.408 

- JS^S- » — - - — "*»• 01 - " oopo,yme,; 

i) 2.428 - 2.464 

i) 2.212 - 2.2216 . . . n thft Dr0Der tv P can be selected by statistical methods 

' The wavelengths to be employed for dete ^' n, ; 9 h JXtio7is made so that a correlation relationship 
3S using factor analyses and multilinear ^T^SSS measurements with the property P of the 
can be determined connecting the n results of *e absoroa correlation relationship may be a 

polymer sufficiently accurately to carry ^^^T^ algebraical function of n results R, which may 
Lear combination, possibly with a c0 ^^^J^ de ^ on the type of spectrophotometer 
contain quotients or products of the results ^J^'^f^J^ the wavelengths and on the polymer 
40 employed, the conditions under which rt is employed on *ecn«c and the nunber „ 0 f 

property P to be determined. In practice, the correlation «sh,p ^ ^ 

Kese wavelengths are determined by ™™<°™"% ^56 standard polymers are used for which the 
photometer on standard P^^ 8 "^ 1 ^^-^^!" °* °" ,he Standard ^ k " 

i^cr^ - on the po,ymer manu,actu or 

Knowledge of the n results Bi of the absence 2 S» * 

fe» p i*«« — ,ess than 2 minuteSi inc,udin9 

time for preparing the sample of P 0 '^ deterrnine simultaneously several properties P of the 

One of the main advantages of the P™£*»£ measurements, and thus to control in a very short 
polymer, with the help of only one series of absorbance mea 



45 



50 



EP 0 328 826 B1 



polymerising one or more olefinic or vinyl monomers in the presence of a catalyst, the reaction being 
controlled by: 

(a) periodically taking a sample of the polymer, 

(b) analysing the sample to determine the value of at least one property P, 

5 (c) generating an input signal representative of the determined value of the property P, 

(d) comparing the input signal with a preset value, 

(e) generating a control signal as a function of the deviation between the input signal and the preset 
value, and 

(f) controlling process parameters responsive to the control signal characterised in that: 

w (g) the sample is a liquid polymer or solid polymer which has been treated only to separate it from its 
polymerisation medium, 

(h) the sample is analysed by an infra red spectrometer at n wavelengths in the near infra red region 
from 0.8 to 2.6 urn (microns), and 

(i) the input signal is generated by the application of a correlation relationship using n results RjOf n 
75 absorbance measurements. 

In the case of a process for the production of polyolefins by gas-phase fluidised bed polymerisation, the 
sample can be polyolefin powder or particles. 

An important element of the process also consists of the introduction of the value(s) of the polymer's 
properties into a process computer. Advantageously, the process computer may be linked to the infrared 

20 spectrophotometer and may calculate the property or properties P of the polymer directly from the values of 
the n results Ri of the absorbance measurements carried out by means of the infrared spectrophotometer. 
The process computer is provided with a program which makes it possible to control the process 
parameters such as the temperature and the pressure of the polymerisation, and the feed rates of the 
various constituents of the polymerization, as well, optionally, as the reactor purge rates. The various 

25 constituents feeding the polymerization reactor may be, in particular, the monomer(s), the catalyst and, 
optionally, the cocatalyst, a solvent or an inert gas, or a chain-limiting agent such as hydrogen. In order to 
control the process parameters such as the temperature, the pressure, the feed rates of the constituents of 
the polymerization and the purge rates, the process computer is linked to the polymerization reactor. When 
this reactor is fitted with automatic feed and purge valves, the process computer is advantageously linked to 

30 these automatic valves. The process computer controls the process parameters such as the temperature, 
the pressure, the feed and optionally the purge rates of the polymerization reactor according to the desired 
value D and the determined values of the property P, so that the difference between each of the determined 
values and the desired value D is less than a set value S. In practice, it is attempted to make the set value 
S as small as possible. Surprisingly, it is generally found that this set value S represents less than ±10 % of 

35 the desired value. 

The invention also relates to an apparatus for using the process. This apparatus consists essentially of a 
polymerization reactor coupled to a process computer and to an infrared spectrophotometer, itself optionally 
linked to a calculator. The polymerization reactor is capable of operating at a pressure which may be 
between 0.1 and 300 MPa. It has heat transfer means, i.e. heating and/or cooling means, pressure control 

40 means, at least one monomer feed conduit, one catalyst feed conduit, polymer sampling means and means 
for transferring samples into the cell of the infrared spectrophotometer. The sampling system may be a 
manual device consisting essentially of a lock chamber fitted with valves or an automatic device controlled 
by a programmable automaton. It may be situated directly on the polymerization reactor or else in a 
polymer bottom discharge conduit. 

45 The process computer, coupled to the polymerization reactor and in particular to its heating and/or 
cooling means, to its pressure control means, to its feed and optionally to its purge conduits is provided 
with a program with which it controls the temperature, the pressure, the feed rates of the various 
constituents of the polymerization and, optionally, the reaction purge rates. The infrared spectrophotometer 
makes it possible to measure the absorbances A of the polymer corresponding to the Beer Lambert law, 

50 either by transmission or by reflection, or else by a combination of both methods. This infrared spec- 
trophotometer is capable of operating at two or more wavelengths in at least one wavelength range 
belonging to the near infrared, ranging from 0.8 to 2.6 urn (microns). This infrared spectrophotometer may 
be of the Fourier transform infrared spectrophotometer type, and may be linked to a calculator intended to 
apply the correlation relationship in order to calculate the property P of the polymer. Advantageously, the 

55 process computer may also be employed as a calculator. In this case the spectrophotometer is linked 
directly to a process computer, which is provided with an additional program permitting the correlation 
relationship to be calculated. 
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The present invention is suited tor the manufact * - CS£^Z£ESZ 
controlled during their manufacture. Methylene propylene, 1-butene. 1-hexene, 

Hon of one or more ethylenioally unsaturated monomers such « ethy.en ^ p W unsatura ted 
4-methyl 1-pentene and 1-octene. The V*"?*™ vst system of the Ziegler-Natta type, consisting, on 
monomers may be performed in the presence of a caUrfyst system , v v or vl of tne 

the one hand, of a solid catalyst (a based on ^taiyst (?) consisting of an organo 

Periodic Classification of the elements, and, on the otn* banc. Classification. The solid catalyst (a) may. in 
metallic compound of a metal belonging to group* I to IH ^'^J,^ halogen atoms and optionally 
particular, contain atoms of a transition metal such as ttemunv and » « Qf a cata)yst 

magnesium. The polymerization or copolymenzafon , may also be £«^'^ ed P on a refrac tory oxide 
comprising a chromium oxide compound abated *h a^anujr support* ^ 

and activated by thermal ^^^X a non rSuctt atmosphere, preferably an oxidizing 
at which the granular support begins to simer, 

atmosphere. manufacture of polybutenes or polyisobutenes by 

The present invention is also surtable for the mstfwwo M Mniw 
polymerization of isobutene and/or of butanes. ^^^^^Z^^ -^Cio^-C ^ 
ously. in solution in isobutene or in a mod ure • « 9 out 9 with the a id of a cationic 

at a pressure below or equal to 2 MPa. The poly ™f*on can aluminium trichloride, boron 

polymerization catalyst system cons, st.ng for jr^and oSSyS a cocatalyst such as hydrochloric 
, trifluoride or a chlorinated organoa.um.mun > denvat ve, ™^<™ Y ft fe te t0 obtain 

-™ r « - «— 

^^STSE may be used for *e continuous or = ous J ^e r 

Having the desired properties^ is found ^0^ different property. In order to 

Lta^ch^ * - — — "* - ^ deSifed V3,Ue ,S 
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^following nonlimiting examples illustrate the present invention. 
Example 1 

Ga^ma^^ 

■ woe defi ned by the loliowin^dii^ : 

i ndex of 0-9 g/tO m inTitei^eiiuTed a t 190-C unoerlTlSl^r 

" . . . in _ .....dized bed reactor consisting essentially of a vertical 

The polymerization reaction is earned out mi a_ flu d. zed ™££ „ U idization grid in its lower part 
cylinder which has a diameter of 0.9 m and a he, JM .of 6 «^«E*r 2.75 m in height and 1 .56 m in 
and supporting a trangui.lization chamber ,r .the form of a ^ertca, cyh d ^ _ ^ 

diameter. The reactor is equ.pped with ^ «£™ ' ° conduits is fWed wlth an automatic valve. The 

sis stjss :r.xt° — ireo-, - — - - - 

this bed consisting of a powder of 500 kg of a ..near ^JJJ y js fed at a rate of ^ kg/h with 
mass mean diameter of 0.7 mm. This reactor ^^^i^ * piwes with a mass mean diameter of 
a catalyst converted into a ^'^J^J , ^ of the high-activity Ziegler-Natta 
0.2 mm. This proposer is he f « comprjsing . solid ca ta.yst based on 

Mg 3 .7 TKOCs H 7 )2 (C* H 9 )o .7 Cl 7 .7 

and r s rm7o,z^^ 15 — s by means of the va,ue of the * ar " ,eeder 

type, situated in the f^^^^'S^S^ ° n each samp,e °* C0P0,ymer *** " 

t ak e™ans cTTSS^^ii spectrophotometer sold by the Bran Luebbe company 
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(United States of America), permitting the absorbances of the copolymer corresponding to the Beer-Lambert 
law to be calculated: 

- absorbance measurements intended to determine the percentage by weight of 1-butene in the 
copolymer, at the following 5 wavelengths, expressed in urn (microns): 1 .372 - 1 .51 2 - 1 .648 - 2.364 - 

5 2.444, giving the results Ri, Ffe, R3, FU and Rs respectively; 

- absorbance measurements, intended to determine the density of the copolymer at the following 5 
wavelengths, expressed in urn (microns): 1.144 - 1.272 - 1.688 - 2.364 - 2.444, giving the results U, 
L 2 , U, U and U respectively; and 

- - absorbance measurements intended to determine the melt index of the copolymer at the following 5 
w wavelengths, expressed in urn (microns): 1.212 - 1.732 - 2.316 - 2.360 - 2.448, giving the results Mi, 

M 2 , M3, M4 and M 5 - 

All these wavelengths have been selected by a statistical method using factor analysis and multilinear 
regressions. From these factor analyses and multilinear regressions the three correlation relationships are 
determined. 

75 The "Infraalyzer 500" infrared spectrophotometer is linked directly to an "HP 1000" calculator sold by 
the Hewlett Packard company (United States of America). From this series of results, the latter calculates 
the percentage of 1-butene in the copolymer, its density and its melt index, respectively, by the application 
of the following 3 correlation relationships: 

20 

(a) 1058.632 Ri - 1265.42 R 2 + 219.705 R3 - 193.807 R* + 177.666 R5 + 11.715 

(b) - 2.488 Li + 3.864 U - 1.154 U + 0.497 U - 0.391 U + 0.894 

25 

(c) - 793.694 Mi + 956.250 M 2 + 167.834 M 3 - 131.338C M 4 - 449.649 Ms + 8.688 

The values determined for the 3 properties of the copolymer are transmitted to a "Solar SP S5 1670" 
30 process computer sold by the Bull company (United States of America) and linked directly to the "HP 
1000" calculator. The "Solar SP S5 1670" process computer is connected to the automatic valves in the 
feed conduits for ethylene, for 1 butene, for hydrogen, for nitrogen and for catalyst, and to the automatic 
valve in the gas purge conduit. This process computer controls the feed rates to the reactor of its various 
constituents. 

35 It is found for the copolymer manufactured, that in the case of the melt index and of the content of 1- 
butene in the copolymer, each difference between the determined values and the desired value represents 
less than 10 % of the desired value. It is also noted that in the case of the relative density of the copolymer, 
each difference between the determined values and the desired value represents less than 10~ 3 times the 
set value i.e. the density was 0.918 ± 0.001. 

40 

Example 2 

Gas-phase manufacture of a copolym er of ethylene and 4-methyl-1-pentene defined by the following 
desired properties: 9 % by weight of 4-methy}-1 -pentene, a density of 0.918 and a melt index of 0.9 gTTo 
45 minutes, measured at 190°C under 2.16 kg. 

The polymerization reaction is carried out in a fluidized bed reactor identical with that described in 
Example 1, except for the fact that it is fed with 4-methyl 1 -pentene instead of 1-butene under conditions 
which are otherwise identical with those in Example 1 . 
50 A sample of copolymer powder is taken every 15 minutes by means of the valve of the star-feeder type, 
situated in the polymer bottom discharge conduit. 

A series of measurements permitting the absorbances of the copolymer corresponding to the Beer- 
Lambert law is carried out by reflection on each sample of copolymer powder which is taken, by means of 
the "Infraalyzer 500" infra red spectrophotometer: 
55 - measurements intended to determine the percentage by weight of 4-methyl-1 -pentene in the 
copolymer at the following 3 wavelengths, expressed in urn (microns): 1.112 - 1.696 - 2.184, giving 
the results A1 , A2 and Aa respectively; 
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- measurements, intended to determine the density of the copolymer at the following 3 wavelengths, 
expressed in urn (microns): 2.320 - 2.344 - 2.440, giving the results B, , Bz and B 3 respectively and 

- measurements, intended to determine the melt index of the copolymer at the following 3 wavelengths, 
expressed in urn (microns): 2.332 - 2.452 - 2.456, giving the results C, . C 2 and C 3 respectively. 

All these wavelengths have been selected by a statistical method using factor analyses and multilinear 

regression. _ 

The "lnfraalyzer 500" infrared spectrophotometer is linked directly to the "HP 1000" calculator. From 
this series of results, the latter calculates the percentage of 4-methy 1-1 -pentene in the copolymer, its density 
and its melt index, respectively, by the application of the following 3 correlation relationships: 



w 



(e) 82.281 Ai + 312.945 A2 - 348.113 A3 + 26.260 
75 (f) - 0.191 Bt - 0.487 B 2 + 0.658 B 3 + 0.918 

(g) - 26.026 C1 + 400.526 C2 - 384.437 C 3 + 2.117 

20 The values determined for the 3 properties of the copolymer are transmitted to the "Solar SP S5 1670" 
process computer linked directly to the "HP 1000" calculator. The "Solar SP S5 1670" process computer is 
linked to the automatic valves in the feed conduits for ethylene, for 4- methy 1-1 -pentene. for hydrogen, for 
nitrogen and for catalyst, and to the automatic valve in the gas purge conduit. The process computer 
controls the feed rates to the reactor of its various constituents. 

25 It is found for the copolymer manufactured that in the case of the melt index and the content of 4- 
methyl- 1 -pentene in the copolymer, each difference between the determined values and the desired value 
represents less than 10 % of the desired value. It is also noted that in the case of the density erf copolymer, 
each difference between the determined values and the desired value represents less than 10 times the 
set value i.e. the density was controlled to 0.918 ± 0.001. 
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Gas-phase manufacture of a terpolymer of ethylene, 1-butene and 4-methy 1-1 -pen tene defined by the 
toto^ingdesired properties: 3 % by weight of 1-butene and 6 % by weight of 4-meth yl-1-pentene. 

The polymerization reaction is carried out in a fluidized bed reactor identical with that described in 
Example 1 , except for the fact that it is additionally fed with 4-methyM -pentene and in conditions which are 
otherwise identical with those in Example 1 . 

A sample of terpolymer is taken every 15 minutes by means of the automatic valve of the star feeder 
40 type situated in the polymer bottom discharge conduit. 

A series of measurements which make it possible to calculate the absorbances of the terpolymer 
corresponding to the Beer-Lambert law is carried out by reflection on each sample of terpolymer powder 
which is taken, by means of the "lnfraalyzer 500" infrared spectrophotometer: 

- measurements, intended to determine the percentage by weight of 1-butene in the terpolymer at the 
following two wavelengths, expressed in urn (microns): 2.388 and 2.408, giving the results D1 and D2 
respectively and 

- measurements, intended to determine the percentage by weight of 4-methyM pentene in the 
terpolymer at the following two wavelengths, expressed in urn (microns): 1.504 and 1.652, giving the 
results E1 and E2 respectively. 

All these wavelengths have been selected by a statistical method using factor analyses and multilinear 

regressions. 

The "lnfraalyzer 500" infrared spectrophotometer is linked directly to the "HP 1000" calculator. From 
this series of results, the latter calculates the percentage by weight of 1-butene in the terpolymer and the 
percentage of 4-methyi-1 -pentene therein by the application of the following 2 correlation relationships: 



45 
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(h) 354.379 D1 - 357.101 D2 + 3.871 
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(i) - 1826.446 Ei + 1849.614 E 2 - 25.028 

The values determined for the 3 properties of the terpolymer are transmitted to the "Solar SP S5 1670" 
5 process computer linked directly to the "HP 1000" calculator. The "Solar SP S5 1670" process computer is 
linked to the automatic valves in the feed conduits for ethylene, for 1 butene, for 4-methyl-1 -pentene, for 
hydrogen, for nitrogen and for catalyst, and to the automatic valve in the gas purge conduit. The process 
computer controls the feed rates to the reactor of its various constituents. It is found for the terpolymer 
manufactured that in the case of the content of 4-methy 1-1 -pentene and the content of 1 -butene, each 
io difference between the determined values and the desired value represents less than 10% of the desired 
value. 

Example 4 

75 Gas-phase man ufacture of a polymer of ethylene defined by the following desired properties: a density of 
0.950 and a melt index of 1.3 g/ 10 minutes, measured at 190* C under 5 kg. 

The polymerization reaction is carried out in a fluidized bed reactor consisting essentially of a vertical 
cylinder which has a diameter of 0.9 m and a height of 6 m, provided with a fluidization grid in its lower part 

20 and supporting a tranquillization chamber in the form of a vertical cylinder 2.75 m in height and 1.56 m in 
diameter. The reactor is equipped with feed conduits for ethylene, for nitrogen, for hydrogen, for catalyst 
and for tri-n-octylauminium and with a gas purge conduit. Each of these conduits is fitted with an automatic 
valve. The reactor is also equipped with a polymer bottom discharge conduit, equipped with a star-feeder 
type valve permitting samples of polymer powder to be taken. 

25 The reactor contains a fluidized bed whose height h is kept constant at 2.7 m above the fluidization grid, 
this bed consisting of a powder of 500 kg of a high density polyethylene, in the form of particles with a 
mass mean diameter of 1.2 mm. This reactor, heated and maintained at 108* C is fed at a rate of 0.3 kg/h 
with a catalyst converted into a prepolymer beforehand and consisting of particles with a mass mean 
diameter of 0.19 mm. This prepolymer is prepared with the aid of a catalyst such as described in Example 

30 1 of French Patent No. 2,570,381, comprising a solid catalyst based on chromium oxide on silica and 
activated by a heat treatment and with the aid of diethylaluminium ethoxide and tri-n-octylaluminium. 

A sample of copolymer powder is taken every 15 minutes by means of the value of the star-feeder 
type, situated in the polymer bottom discharge conduit. 

A series of measurements is carried out by reflection on each sample of polymer powder which is 

35 taken, by means of an "Infraalyzer 500\ infrared spectrophotometer sold by the Bran Luebbe company 
(United States of America), permitting the absorbances of the copolymer corresponding to the Beer-Lambert 
law to be calculated: 

- measurements, intended to determine the density of the polymer at the following 5 wavelengths, 
expressed in urn (microns): 1.144 - 1.272 - 1.688 - 2.364 - 2.444, giving the results Gi, G 2 . G 3 , G* 

40 and Gs respectively; and 

- measurements intended to determine the melt index of the polymer at the following 5 wavelengths, 
expressed in nm (microns): 1.212 - 1.732 - 2.316 - 2.360 - 2.448, giving the results Hi, H 2 , H 3 , H* 
and H 5 . 

The "Infraalyzer 500" infrared spectrophotometer is linked directly to an "HP 1000" calculator sold by 
45 the Hewlett Packard company (United States of America). From this series of results, the latter calculates 
the density of the polymer and its melt index, respectively, by the application of the following 2 correlation 
relationships: 

50 (h) -2.488 G1 + 3.864 jG 2 - 1.154 G 3 + 0.497 G4 - 0.391 G 5 + 0.894 



(i) -793.694 Hi + 956.25 H 2 + 167.834 H 3 - 131.338 H* - 449.649 H 5 +8.688 

The values determined for the 2 properties of the polymer are transmitted to a "Solar SP S5 1670" 
process computer sold by the Bull company (United States of America) and linked directly to the "HP 
1000" calculator. The "Solar SS S5 1670" process computer is connected to the automatic valves in the 
feed conduits for ethylene, for hydrogen, for nitrogen, for catalyst, and for tri-n-octylaluminium and to the 
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- isobutene: 

- 1-butene: 

- cis-2-butene: 

- trans-2-butene: 

- n-butane: 

- isobutane: 



49.9 % by weight 
29.7 % by weight 

8.3 % by weight 
7.8 % by weight 

3.4 % by weight 
0.9 % by weight 



. . th an H2 5 mm in diameter, maintained at a 
temperature of 45 C * urernents of absorbances of the polymer is car™ »| nfr aalyzer 

! ~ than 10% of the desired value. 
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3. Process according to Claim 2, characterized in that the monomers correspond to the general formula 
CH 2 =CRiR 2f in which Ri and R 2 are identical or different radicals denoting a hydrogen atom, an aikyl 
radical containing from 1 to 8 carbon atoms or an aryl radical. 

5 4. Process according to Claim 1 , characterized in that the monomers are chosen from vinyl chloride, vinyl 
acetate, vinyl acrylate, methyl methacrylate, methyl vinyl ether, ethyl vinyl ether and acrylonitrile. 

5. Process according to any one of the preceding Claims, characterized in that the catalyst employed is 
chosen from radical catalysts, cationic catalysts, anionic catalysts or anionic coordination catalysts. 

10 

6. Process according to any one of the preceding Claims, characterized in that the polymerization reaction 
is carried out in gaseous phase in a reactor with a fluidized and/or mechanically agitated bed at a 
pressure ranging from 0.1 to 5 MPa and a temperature ranging from -20 to + 115*C. 

75 7. Process according to any one of Claims 1-5. characterized in that the polymerization reaction is carried 
out in suspension or in solution in a liquid hydrocarbon medium, at a pressure below 10 MPa and at a 
temperature ranging from -20 to 300 • C. 

a Process according to. any one of the preceding Claims, characterized in that the catalyst for the 
20 polymerization reaction is a solid catalyst based on chromium oxide activated by a thermal treatment, 
or a catalyst system of the Ziegler-Natta type consisting, on the one hand, of a solid catalyst based on 
a transition metal belonging to Groups IV, V or VI of the periodic classification of the elements and, on 
the other hand, of a cocatalyst consisting of an organometallic compound of a metal belonging to 
Groups I to III of this classification. 

25 

9. Process according to any one of the preceding Claims, characterized in that a property P of the 
polymer is determined in a period of less than or equal to 5 minutes. 

10. Process according to any one of the preceding Claims, characterized in that the property P of the 
30 polymer is determined at least once every 1 5 minutes during the polymerization reaction. 

11. Process according to any one of the preceding Claims characterized in that the property is a 
mechanical, physical, optical or rheologica! property or the molecular weight. 

35 12. Process according to any one of Claims 1-10, characterized in that the polymer is defined by at least 
one property chosen from the density, the viscosity, the isotacticity index, the melt index, the content of 
at least one of the comonomers forming the polymer, the degree of crystal linity, the melt flow ratio, the 
molecular weight, the molecular weight distribution, the unsaturation content of ethylenic type, the 
methyl group content, the rigidity, the yield strength, the stress cracking resistance, the impact 

40 strength, the gloss and the transparency. 

13. Process according to Claim 11 or 12, characterized in that the property is density, melt index or 
molecular weight. 

45 14. Process according to any one of the preceding Claims, characterized in that more than one property P 
is determined with the help of only one series of absorbance measurements. 

15. Process according to any one of the preceding Claims, characterized in that the wavelengths have 
been chosen by statistical methods. 

50 

16. Process according to any one of the preceding Claims, characterized in that the correlation relationship 
is a linear function or an algebraic function of n results Ri of the absorbance measurements carried out 
on the polymer. 

55 17. Process according to any one of the preceding Claims, characterized in that the number n of the 
absorbance measurements carried out on the polymer is between 2 and 20 and preferably between 2 
and 10. 
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following series: 

a) 1.212 - 1.732 - 2.316 - 2.360 - 2.44» 

h\ 9 ^2 - 2 452 - 2.456 
b c J?S- 1.272 - 1.688 - 2.364 - 2.444 

rtt 2 320 - 2.344 - 2.440 

e) 1.372. 1.512- 1.648-2.364- 2.444 

f) 1.112 -1-696 -2.184 
75 g) 2.388 - 2.408 

h) 1.504 -1.652 

i) 2.428 - 2.464 
j) 2.212-2.216 



j)2.212-2.216 correlation relationship 
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computer coupled to the polymerization reactor provided with a program which makes it possible to 
control the polymerisation temperature, the polymerisation pressure, the feed rates and optionally the 
purge of the polymerization reactor, an infrared spectrophotometer capable of operating in at least one 
region of the near infrared ranging from 0.8 to 2.6 urn (microns), intended to perform the absorbance 
5 measurements on the polymer, and a calculator intended for the calculation of the property P of the 

polymer by the application of a correlation relationship. 

27. Apparatus according to Claim 26, characterized in that the polymerization reactor is additionally 
provided with a pipework for discharge of polymer at the bottom, itself equipped with a device for 

w taking polymer samples. 

28. Apparatus according to Claim 26 or 27, characterized in that the calculator is included in the process 
computer. 

75 29. Apparatus according to Claim 26, 27 or 28, characterized in that the infrared spectrophotometer is a 
Fourier transform infrared spectrophotometer. 

Patentansprtiche 

20 1. Verfahren zur Herstellung eines Polymeren, definiert durch zumindest eine Eigenschaft P entsprechend 
einem gewunschten Wert D, wobei die Eigenschaft P die Molekularstruktur des erwahnten Polymeren 
charakterisiert Oder sich auf die Molekularstruktur bezieht, wobei das Verfahren aus dem Polymerisie- 
ren von einem oder mehreren olefinischen oder Vinylmonomeren in Gegenwart eines Katalysators in 
einem Reaktor, versehen mit Warmeubergangsmitteln, mit Druckkontrollmitteln, mit Beschickungsmit- 

25 teln und gegebenenfalls mit Spulmitteln, besteht, welches Verfahren dadurch gekennzeichnet ist, daB 
die Eigenschaft P des Polymeren oftmals wahrend der Polymerisationsreaktion durch Anwendung eines 
Korrelationsverhaltnisses, verbindend die erwahnte Eigenschaft P mit n Ergebnissen Rj von n Extink- 
tionsmessungen, bestimmt wird, durchgefuhrt mit Hilfe eines Infrarot-Spektrophotometers an dem 
Polymeren bei n Wellenlangen, ausgewahlt in dem nahen Infrarot-Bereich von 0,8 bis 2,6 urn (Mikron) 

30 und dadurch, daB in Abhangigkeit von den bestimmten Werten und von dem gewunschten Wert D, die 
Verfahrensparameter mittels eines ProzeBrechners derart gesteuert werden, daB der Unterschied 
zwischen jedem der bestimmten Werte und dem gewunschten Wert kleiner ist als ein Einstellwert S. 

2. Verfahren nach Anspruch 1, dadurch gekennzeichnet, daB die Monomeren define sind, ausgewahlt 
35 aus Ethylen oder a-Olefinen, die von 3 bis 10 Kohlenstoffatome enthalten. 

a Verfahren nach Anspruch 2, dadurch gekennzeichnet, daB die Monomeren der allgemeinen Formel 
CH 2 =CRiR 2 entsprechen, in welcher Ri und R 2 identische oder verschiedene Reste sind, die ein 
Wasserstoffatom, einen Alkylrest mit von 1 bis 8 Kohlenstoffatomen oder einen Arylrest bedeuten. 

40 

4. Verfahren nach Anspruch 1, dadurch gekennzeichnet, daB die Monomeren aus Vinylchlorid, Vinyl* 
acetat, Vinylacrylat, Methylmethacrylat, Methyivinvlether, Ethylvinylether und Acrylnitril ausgewahlt 
sind. 

45 5. Verfahren nach einem der Anspruche 1 bis 4, dadurch gekennzeichnet, daB der verwendete 
Katalysator aus Radikal katalysatoren, kationischen Katalysatoren, anionischen Katalysatoren oder anio- 
nischen Koordinatibnskatalysatoren ausgewahlt ist. 

6. Verfahren nach einem der Anspruche 1 bis 5, dadurch gekennzeichnet, daB die Polymerisationsreak- 
50 tion in der Gasphase in einem Reaktor mit einem Wirbelbett und/oder einem mechanisch bewegten 

Bett bei einem Druck im Bereich von 0,1 bis 5 MPa und einer Temperatur im Bereich von -20 °C bis 
+ 1 1 5 • C durchgefuhrt wird. 

7. Verfahren nach einem der AnsprOche 1 bis 5, dadurch gekennzeichnet, daB die Polymerisationsreak- 
55 tion in Suspension oder in Losung in einem flUssigen Kohlenwasserstoffmedium bei einem Druck von 

unterhalb 10 MPa und bei einer Temperatur im Bereich von -20°c bis 300'C durchgefuhrt wird. 
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(i) 2,428 - 2,464 
(j)2,212-2,216 

20. Verfahren nach einem der Anspruche 1 bis 19, dadurch gekennzeichnet, daB das Korrelationsverhalt- 
5 nis zuvor durch multivariante Regression mit den Ergebnissen der Extinktionsmessungen, durchgefUhrt 

an 3 bis 50 Standard-Polymeren von vorher bekannten Eigenschaften unter Bedingungen bestimmt 
wird, die identisch mit den an dem hergestellten oder herzustellenden Polymeren durchgefuhrten 
Extinktionsmessungen sind. 

w 21. Verfahren nach einem der AnsprOche 1 bis 20, dadurch gekennzeichnet, daB die dem Polymerisa- 
tionsreaktor zugefuhrten Bestandteile das bzw. die Monomeren, der Katalysator, der Cokatatysator, ein 
Inertgas, ein Lbsungsmittel und ein kettenbegrenzendes Mittel sind. 

22. Verfahren nach einem der Anspruche 1 bis 21 , dadurch gekennzeichnet, daB das Verfahren durch 
is die FlieBraten der dem Reaktor zugefuhrten verschiedenen Bestandteile gesteuert wird. 

2a Verfahren nach einem der Anspruche 1 bis 22, dadurch gekennzeichnet, daB der Einstellwert S 10 
% des gewiinschten Wertes D entspricht. 

20 24. Verfahren nach einem der AnsprUche 1 bis 23 fUr die Herstellung eines Polymeren mit zumindest einer 
Eigenschaft P mit einem gewiinschten Wert D durch Polymerisieren von einem oder mehreren 
olefinischen oder Vinylmonomeren in Gegenwart eines Katalysators, dadurch gekennzeichnet, daB 
die Reaktion gesteuert wird durch: 

(a) Periodische Entnahme einer Probe des Polymeren, 

25 (b) Analysieren der Probe zur Bestimmung des Wertes von zumindest einer Eigenschaft P, 

(c) Erzeugen eines Eingangssignals, reprasentativ fur den bestimmten Wert der Eigenschaft P, 

(d) Vergleichen des Eingangssignals mit einem vorgegebenen Wert. 

(e) Erzeugen eines Kontrollsignals als eine Funktion der Abweichung zwischen dem Eingangssignaf 
und dem vorgegebenen Wert, und 

30 (f) Steuern der ProzeB-Parameter entsprechend dem Kontrollsignal, 

dadurch gekennzeichnet, daB 

(g) die Probe ein flussiges Polymeres oder ein testes Polymeres ist, die nur zur Abtrennung 
derselben von ihrem Polymerisationsmedium behandelt wurde, 

(h) die Probe durch ein Infrarot-Spektrometer bei n Wellenlangen in dem nahen Infrarot-Bereich von 
35 0,8 bis 2,6 urn (Mikron) analysiert wird und 

(i) das Eingangssignal durch Anwendung einer Korrelationsbeziehung unter Verwendung von n 
Ergebnissen Rj von n Extinktionsmessungen erzeugt wird. 

25. Verfahren nach Anspruch 24, dadurch gekennzeichnet, daB das Verfahren ein solches zur Herstel- 
40 lung von Polyolefinen durch Gasphase-Wirbelbett-Polymerisation ist und die Probe Polymer-Pulver 

oder -Teilchen ist. 

26. Vorrichtung zur Anwendung des Verfahrens gemaB einem der Anspruche 1 bis 25, dadurch gekenn- 
zeichnet, daB es einen Polymerisationsreaktor umfaBt, versehen mit WarmeUbertragungsmitteln, mit 

45 den Druck steuernden Mitteln, mit zumindest einer Monomer-Rohrbeschickung und einer Katalysator- 
Rohrbeschickung, mit Mitteln zur Entnahme von Polymerproben, mit Mitteln zur UberfUhrung von 
Proben in die Zelle eines Infrarot-Spektrophotometers, einem ProzeBrechner, verbunden mit dem 
Polymerisationsreaktor, versehen mit einem Programm, welches es ermoglicht, die Polymerisations- 
temperatur, den Polymerisationsdruck, die Beschickungsraten und gegebenenfalls die Spulung des 

so Polymerisationsreaktors zu steuern, eines infrarot-Spektrophotometers, der in der Lage ist, in zumindest 
einer Region des nahen Infrarot-Bereichs von 0,8 bis 2,6 urn (Mikron) zu arbeiten, bestimmt zur 
Durchfuhrung der Extinktionsmessungen an dem Polymeren, und einen fur die Berechnung der 
Eigenschaft P des Polymeren durch die Anwendung einer Korrelationsbeziehung bestimmten Rechner. 

55 27. Vorrichtung nach Anspruch 26, dadurch gekennzeichnet, daB der Polymerisationsreaktor zusatzlich 
mit einem Rohrwerk fur die Austragung des Polymeren am Boden versehen ist, und seinerseits mit 
einer Einrichtung zur Entnahme von Polymerproben ausgestattet ist. 
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11. Procede selon Tune quelconque des revendications precedentes, caracterise par le fait que la propriete 
est une propriete mecanique, physique, optique ou rheologique ou le poids moleculaire. 

12. Procede selon Tune quelconque des revendications 1-10, caracterise par le fait que le polymere est 
5 defini par au moins une propriete choisie parmi la densite, la viscosite, I'indice d'isotacticite, I'indice de 

fusion, la teneur en au moins Tun des comonomeres formant le polymere, le degre de cristallinite, le 
rapport d'ecoulement a retat fondu, le poids moleculaire, la distribution du poids moleculaire, ia teneur 
en groupes insaturgs de type ethyienique, la teneur en groupe methyle, la rigidite, la limite eiastique, la 
resistance a la fissuration sous contrainte, la resistance au choc, la brillance et la transparence. 

w 

13. Procede selon la revendication 11 ou 12, caracterise par le fait que la propriete est la densite, I'indice 
de fusion ou le poids moleculaire. 

14. Procede selon Tune quelconque des revendications precedentes, caracterise par le fait que Ton 
15 determine plus d'une propriete P a I'aide d'une seule serie de mesures d'absorbance. 

15. Procede selon Tune quelconque des revendications precedentes, caracterise" par le fait que Ton a 
choisi des longueurs d'onde par des methodes statistiques. 

20 16. Procede selon Tune quelconque des revendications precedentes, caracterise par le fait que la relation 
de correlation est une fonction lineaire ou une fonction algebrique de n resultats Ri des mesures 
d'absorbance effectuees sur le polymere. 

17. Procede selon Tune quelconque des revendications precedentes, caracterise par ie fait que le nombre 
25 n de mesures d'absorbance effectuees sur le polymere vaut entre 2 et 20 et de preference entre 2 et 

10. 

18. Procede selon Tune quelconque des revendications precedentes, caracterise par le fait que Ton 
effectue les mesures d'absorbance au moyen du spectrophotometre infrarouge par reflexion sur un 

30 polymere qui se presente sous forme solide ou peut facilement s'isoler sous cette forme. 

19. Procede selon Tune quelconque des revendications precedentes, caracterise par le fait que Ton 
effectue les mesures d'absorbance sur le polymere au moyen du spectrophotometre infrarouge, a des 
longueurs d'onde, exprim§es en unites de urn (microns) ou a des longueurs d'onde qui en sont 

35 sensiblement proches, choisies parmi les series suivantes: 

a) 1,212 - 1,732 - 2,316 - 2,360 - 2,448 

b) 2,332 - 2,452 - 2,456 

c) 1 ,146 - 1 ,272 - 1 ,688 - 2,364 - 2,444 

d) 2,320 - 2,344 - 2,440 

40 e) 1,372 - 1,512 - 1,648 - 2,364 - 2,444 

f) 1.112 - 1,696 - 2,184 

g) 2,388 - 2.408 

h) 1.504- 1,652 

i) 2,428 - 2,464 
45 j) 2,212 - 2,216 

20. Procede selon Tune quelconque des revendications precedentes, caracterise par le fait que Ton 
determine prealablement la relation de correlation au moyen d'une regression multivariante executee 
avec les resultats des mesures d'absorbance effectuees sur 3 a 50 polymeres standards de proprietes 

50 precedemment connues, dans des conditions identiques a celles des mesures d'absorbance effectuees 
sur le polymere fabrique* ou en cours de fabrication. 

21. Procede selon I'une quelconque des revendicaitons precedentes, caracterise par le fait que les 
constituants amenes dans le reacteur de polymerisation sont le ou les monomeres, le catalyseur, le 

55 cocatalyseur, un gaz inerte, un solvant et un agent de limitation de la chaTne. 

22. Procede selon I'une quelconque des revendications precedentes, caracterise par le fait que Ton pilote 
le procede au moyen des debits des differents constituants amenes dans le reacteur. 
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23. Procedg selon I'une quelconque des revendications prec^dentes, caracterise par le fait que la valeur 
prescrite S represente 10% de la valeur desiree D. 

24. Precede selon Tune quelconque des revendications precedentes pour la fabrication d'un polymere dont 
au moins une propriete P a une valeur desiree D, par polymerisation d'un ou plusieurs monomeres 
olefiniques ou vinyliques en presence d'un catalyseur, le pilotage de la reaction consistant a: 

(a) prSlever p6riodiquement un echantillon du polymere, 

(b) analyser rechantillon pour determiner la valeur d'au moins une propriete P, 

(c) g^n^rer un signal d'entree representatif de la valeur d6termin6e de la propriete P, 

(d) comparer le signal d'entree avec une valeur prescrite, 

(e) generer un signal de pilotage en fonction de I'ecart entre le signal d'entree et la valeur prescrite, 
et 

(f) piloter les parametres du procede en fonction du signal de pilotage, 

procede caracterise par le fait que: 

(g) I'echantillon est un polymere liquide ou un polymere solide qui n'a ete traite que pour le separer 
de son milieu de polymerisation, 

(h) I'echantillon est analyse* par un spectrometre infrarouge a n longueurs d'onde dans la region du 
proche infrarouge entre 0,8 et 2,6 urn (microns), et 

(i) le signal d'entree est ggneVe par application d'une relation de correlation utilisant n r6su1tats R| de 
n mesures d'absorbance. 

25. Procede com me revendique dans la revendication 24 dans lequel le procede est un procede de 
production de polyolefines par polymerisation en phase gazeuse en lit fluidise et dans lequel 
rechantillon est une poudre ou des particules de polymere. 

26. Appareil pour mettre en oeuvre le procede conforme a Tune quelconque des revendications 1 a 25, 
caracterise par le fait qu'il comporte un reacteur de polymerisation equipe de moyens de transfer! de 
chaleur, de moyens de pilotage de la pression, d'au moins une conduite d'amenee du monomere et 
une conduite d'amenee du catalyseur, de moyens pour preiever des echantillons de polymere, de 
moyens pour transferer les echantillons dans la cellule d'un spectrophotometre infrarouge, d'un 
ordinateur de procede couple au reacteur de polymerisation et comportant un programme qui permet 
de piloter la temperature de polymerisation, la pression de polymerisation, les debits d'amenee et, 
eventuellement, la purge du reacteur de polymerisation, d'un spectrophotometre infrarouge pouvant 
fonctionner dans au moins une region du proche infrarouge allant de 0,8 a 2,6 am (microns), pr6vu 
pour effectuer les mesures d'absorbance sur le polymere, ainsi que d'un calculateur pr6vu pour 
calculer la propriete P du polymere par application d'une relation de correlation. 

27. Appareil selon la revendicaiton 26, caracterise par le fait que le reacteur de polymerisation est en outre 
equipe, a sa partie inferieure d'une conduite de sortie du polymere, elle-meme equipee d'un dispositif 
de preievement des echantillons de polymere. 

28. Appareil selon la revendication 26 ou 27, caracterise par le fait que le calculateur est inclus dans 
I'ordinateur de procede. 

29. Appareil selon la revendication 26, 27 ou 28, caracterise par le fait que le spectrophotometre infrarouge 
est un spectrophotometre infrarouge a transformation de Fourier. 
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